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ABSTRACT 

The  mortality  of  anesthetized  dogs  maintained  under  hypothermia 
for  many  hours  was  studied ^  and  the  factors  responsible  for  death 
under  these  Gonditions  were  evaluated.  Data  are  presented  on 
technically  successful  experiments  in  40  dogs  maintained  at  26  ±  l°c. 
of  these*  25:^  survived  a  period  of  1$  to  20  hours  and  were  sub¬ 
sequently  rewarmed  while  17.5%  rewarmed  spontaneously,  of  the 
remaining*  45%  died  in  prolonged  hypothermia*  10%  in  ventricular 
fibrillation*  and  35%  in  cardiac  standstill,  in  addition*  a  total 
of  12.5%  Of  the  animals  died  during  rewarmlng.  Among  the  animals 
that  died  during  maintained  hypothermia*  mortality  was  progressive 
and  there  seemed  to  be  no  critical  time.  The  median  lethal  time 
at  26  ^  1°G  is  estimated  to  be  18  hours. 

There  was  a  progressive  decrease  in  the  average  normal  pacemaker 
heart  rate  in  animals  maintained  at  a  relatively  fixed  hypothermic 
temperature,  values  of  arterial  hematocrit  showed  a  progressive 
and  striking  increase  during  cooling*  which  was  maintained  under 
hypothermia*  and  during  rewarmlng.  The  average  values  from  14 
animals  before  cooling*  at  the  start  and  end  of  prolonged  hypothermia* 
and  after  rewarming  were:  44*  52*  61*  and  64,  respectively. 

The  degree  of  hypothermic  acidosis  was  not  altered  consistently 
during  maintained  hypothejnnia .  Plasma  electrolyte  changes  were 
inGonsistent  and  could  not  be  interpreted  without  data  on  plasma 
volume . 

It  is  concluded  that  the  factors  that  limit  survival  under 
prolonged  hypothermia  are  different  frcm  those  involved  in  the 
acute  induction  of  the  hypothermic  state.  Changes  in  the  cardiac 
pacemaker  rate  may  play  a  significant  role. 

The  data  indicate  the  need  for  additional  studies  in  order  to 
further  elucidate  the  factors  affecting  survival  under  maintained 
hypothermia  and  to  establish  their  relative  significance. 
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STUDIES  AT  moderate  HYEOTHERMIC  TEMPERATnRES  OF  FAOTORS 

affecting  survival  under  prolonged  h^othermia 


INTRODUCTION 

The  purpose  of  this  investigation  was  to  study  the  mortality 
of  anesthetized  dogs  maintained  undei^  hypothermia  for  many  hours  ^ 
and  to  evaluate  the  factors  responsible  for  death  under  these 
conditions « 

Most  of  the  available  studies  on  hypothermic  mortality  (1^2^ 3) 
deal  primarily  with  the  acute  effects  of  a  progressive  lowering 
of  body  temperature.  Relatively  little  is  knovm  about  the 
effects  of  low  temperatures  when  they  are  maintained  for  long 
periods  of  time»  Yet,  such  information  is  of  great  fundamental 
and  practical  value. 

The  effects  of  acute  hypothermia  reflect  ih  large  part  the 
reactions  of  the  organism  to  a  drastic  change  and  therefore 
cannot  be  taken  ss  a  reliable  indication  of  the  effects  of  cold 
under  steady  state  conditions*  The  latter  can  be  studied  only 
under  conditions  of  maintained  hypothermia  at  a  constant 
temperature.  From  a  practical  point  of  view,  a  thorough  \mder- 
standing  of  the  effects  of  prolonged  hypothermia  may  lead  to 
such  applications  as  the  suggested  use  of  hypothermia  for  space 
travel  and  protection  from  lethal  radiations. 

Experiments  on  prolonged  hypothermia  are  difficult  to 
perform  due  to  multitude  of  tectoical  problems  that  arise  in 
connection  with  the  maintenance  cf  anesthetized  animals,  and  the 
collection  Of  experimental  data,  for  periods  longer  than  8  hours. 

When  studies  on  prolonged  hypothermia  were  first  initiated 
in  this  laboratory,  an  attempt  was  made  to  maintain  animals 
which  were  cooled  to  deep  hypothermic  temperatures  (less  than 
18°c)  for  a  period  of  24  hours  or  more.  However#  it  soon  became 
apparent  that  information  was  first  needed  on  the  effects  of 
prolonged  hypothermia  at  moderate  hypothermic  temperatures 
(near  25 ^c) •  Therefore  a  series  of  experiments  was  designed 
in  which  observations  were  made  in  animals  maintained  at  26 
+  l^c  for  a  period  of  18’^2Q  hours*  Results  of  these  studies 
performed  over  the  past  2  years  are  suiranarized  in  this  report. 
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METHODS 

All  studies  were  made  en  mongrel  dogs  initially  anes¬ 
thetized  with  pentoharhital  (33  mg/kg)  *  in  most  oases  the 
animals  were  cooled  by  being  enolosed  in  a  ''hypothermic  blanket" 
(fherm-o-Rlte  products,  ino.)  through  which  a  cooling  fluid  was 
cirouiated,  cooling  was  induced  first  rapidly  to  a  body  temp¬ 
erature  of  28°c»  The  animals  were  then  stabilized  at  a  temper « 
ature  of  26  t  1‘'g,  in  the  sucGessful  experiments/  this  temp¬ 
erature  was  maintained  for  a  period  of  18-20  hours ,  Subseguently 
the  surviving  animals  were  rewarmed  and  allowed  to  recover. 
Several  of  the  survivors  were  also  kept  for  a  week  or  more  for 
observation* 

Body  temperature  was  measured  from  a  theidnistor  probe 
inserted  in  the  esophagous  at  the  level  of  the  heart*  Generally/ 
blood  pressure  was  measured  electr^anotnetrically  from  the 
oatheterized  left  carotid  artery  and  recorded  on  one  channel  of 
a  sanborm  Twin-viso  Recorder.  The  electrocardiogram  (lead  11) 
was  recorded  on  the  other  channel*  continuous  records  were  taken 
throughout  the  experimental  period  of  cooling/  maintaining 
under  hypothermia/  and  rev^rming*  The  entire  period  was 
approximately  30  hours* 

Arterial  blood  electrolytes  and  pH  were  measured  using 
conventional  techniques*  Measurements  of  pH  were  made  at  the 
existing  body  temperatures  using  a  unit  made  by  instrumentation 
Laboratories/  inc.  ilood  electrolytes  were  determined  on  samples 
of  serum*  sodium  and  potassium  were  determined  with  the  flame 
photometer/  chloride  with  the  Cotlpve  chloridameter  (4)  and 
calcium  with  the  microana lytic  method  of  Bachra  ^  |i  (5) . 

INSULTS 

A.  Survival  Under  Prolonged  Hypothermia 

Data  on  survival  under  prolonged  hypothermia  were  obtained 
from  40  animals  and  are  suimiarized  in  Table  1.  Animals  that 
survived  for  periods  of  18  to  20  hours  at  26  ^  i^c  were 
subsequently  rewarmed.  A  total  of  15  out  of  40  (37*5%)  survived 
the  period  of  prolonged  hypothermia/  but  5  out  of  these  (12.5^) 
died  during  rewarming* 

The  majority  of  the  animals  were  maintained  at  the  desired 
h^othermic  temperature  without  the  necessity  of  any  further 
cooling*  However  7  out  of  40  (17.5%)  rewarmed  spontaneously. 
These 

•  ^ter  attaining  body  tm^ratvoe  laval  of  26^0,  fiurtbor  anestbasia  is  not 
required*  Consequently  the  effeots  of  anesthesia  are  minimal  in  these 
experimental  results* 


aniinals  did  not  remian  at  26  ±  1°C  fOif  the  seleoted  period  of 
18  to  20  hours  and  therefore  Gannot  be  Gonsidered  as  true  sur¬ 
vivors  %  when  these  7  anisials  are  exGluded,  and  when  the 
mortality  during  rewarming  is  not  eonsidered,  then  the  aotual 
mortality  during  prolonged  hypothermia  is  18  out  of  33  (54^5%) « 


tABI£  1 

Fate  of  40*  Animals  subjeGted  to  Prolonged  Hypothermia 


survived : 

17/40 

42.5% 

and  rewarmed 
rewarmed  spontaneously 

10/40 

7/40 

25  #0% 
17.5% 

Pied  during  prolonged  hypothermia  $ 

18/40 

45.0% 

in  ventr.  fibrillation 
in  asystole 

4/40 

14/40 

10.0% 

35.0% 

pied  during  rewarming: 

5/40 

12.5% 

in  cireulatory  shock 
in  ventr.  fibrillation 

3/40 

2/40 

7.5% 

5.0% 

*this  group  exoludes  3  animals  that  died  of  vf  during  the  initial 
phase  of  eooling  to  26  #  1**C« 

The  acGumulative  mortality  during  prolonged  hypothermia  is 
shown  in  Table  2.  Note  that  the  mortality  shows  a  continuous 
progression  with  time*  Thus  half  way  through  the  period  approx¬ 
imately  half  of  the  animals  that  eventually  died  were  dead. 

There  is  not  an  obvious  critical  time. 

When  the  total  nvonber  of  33  animals  that  were  maintained  at 
26  ^  l**c:  is  considered  (excluding  those  that  rewarmed  spontan¬ 
eously)#  approximately  50%  were  dead  after  18  hours*  Thus  the 
time  for  5^  mortality#  or  the  median  lethal  time  (ltsq)  # 
dxiring  prolonged  hypothermia  at  26  ±  l^c  may  be  taken  to  be  in 
the  vicinity  of  18  hours. 
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TABI£  2 


Cuihmulative  Mortality  of  33  Aniinals*  which  were  cooled  and 
Maintained  at  26  ±  l°c  for  a  period  of  18  to  20  Hours « 


Hours  at 
26  Hl  l^C 


2 

4 

6 

8 

10 

12 


14 


16 

18 

20 


Total  No<  Dead  %  of  Total 

a  t  the  _end  of  M . 


1  3 

2  6 


5 

15 

1  Q 

o 

8 

JiQ 

24 

11 

33 

11 

33 

12 

36 

16 

49 

18  55 


^Excludinf  the  7  ahintals  which  rewarmed  spontaneously 
B,  Heart  Rate 

Most  aniinais  exhibited  a  progressiye  deGrease  in  heart  rate 
while  they  were  maintained  under  hypothermia  even  though  the 
body  temperature  was  kept  fairly  constant.  This  was  especially 
striking  in  some  of  the  animals  that  terminated  in  asystole. 

In  these  cases  asystole  occured  after  the  heart  rate  was  slowed 
to  less  than  30  beats/min.  However  this  was  not  a  imiversal 
finding  and  in  some  cases  the  results  were  complicated  by  the 
occurance  of  small  l^c)  fluctuations  in  body  temperature  during 
the  period  of  maintained  hypothermia. 

In  general  there  was  a  tendency  for  a  decrease  in  heart  rate 
in  all  the  animals  maintained  vmder  hypothermia.  This  is 
clearly  shown  in  the  average  values  given  in  Table  3  for  14 
animals  which  suriived  15  or  more  hours  of  prolonged  hypothermia. 
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TA)gI£  3 


Mean  Heart:  Rates  of  14  Aniinals  Surviving  IS  or  More 
Hours  of  Prolonged  Hypothermia  at  26  ^  l°c 


Hours  at 

Mean 

Hours  at 

Mean 

26  ±  l«c 

Heart  Rate 

26  +  I'^G 

Heart  Rate 

0 

70*3 

8 

55*1 

1 

69*8 

9 

54*1 

2 

66*3 

10 

52*9 

3 

63.1 

11 

52*9 

4 

60*1 

12 

52*4 

5 

58*9 

13 

51*9 

6 

57*1 

14 

51*0 

7 

56*4 

IS 

50*2 

in  all  the  animals  for  vhioh  data  are  available  there  was  no 
evidenoe  of  any  Ghange  in  the  loGation  of  the  dominant  paGemaker 
during  Gooling  and  maintaining  under  hypothermia «  Thus  the 
reported  ohanges  in  heart  rate  reflect  Ghanges  in  the  rate  of 
the  normal  sA  node  paGemaHer.  Nevertheless  in  many  animals  there 
were  OGcasional  or  even  frequent  ventriGuiar  extrasystoles  while 
Gooling  and  during  the  period  of  prolonged  hypothermia* 

it  should  be  stressed  that  in  the  present  experiments  due  to 
the  long  periods  of  observation  required,  all  recordings  were 
made  at  very  slow  paper  speeds.  This  limits  the  interpretetion 
of  eleGtrocardiographic  changes. 


C.  Arterial  Hematocrit 


Measurements  of  arterial  blood  hematocrit  during  cooling  and 
prolonged  hypothermia  were  made  in  most  animals .  Data  on  the 
initiai  effect  of  cooling  to  26  ±  l*’c  were  collected  in  35  animals 
and  are  given  in  Table  4.  complete  data  including  a  period  of 
18  to  20  hours  ^der  hypothermia  were  obtained  from  14  animals 
and  are  given  in  Table  5.  Hemoconcentration  during  the  initial 
period  of  cooling  was  observed  in  28  out  of  35  animals.  All 
14  animals  from  which  extensive  data  are  available  showed  an 
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increase  in  hematoGrlti  during  the  period  they  were  maintained 
under  prolonged  hypothermia,  and  9  of  these  exhibited  an  even 
further  inorease  during  rewarming ^  unfortunately  no  extensive 
data  are  available  on  the  exact  time  course  of  the  increase  in 
hematocrit  during  the  period  of  maintained  hypothermia ^ 


TAB££  4 


changes  i 

Control 

37  4  1“G 

n  Blood  Hematocrit  with  the 
to  26  4  l^C  (Data  from 

Hypothermia 

26  4  1“C 

initial  Period  of 
35  Animals) 

Control 

37  4  1»C 

cooling 

Hypothermia 
26  4  1“C 

40 

45 

47 

52 

34 

33 

63 

70 

30 

46 

43 

46 

31 

34 

35 

51 

42 

47 

53 

68 

38 

§2 

58 

53 

41 

57 

45 

60 

44 

54 

30 

50 

45 

55 

44 

51 

43 

48 

37 

44 

38 

55 

48 

57 

36 

36 

39 

60 

39 

40 

53 

60 

42 

55 

60 

70 

30 

46 

45 

70 

56 

56 

40 

57 

56 

51 

40 

54 

57 

57 

Mean 

43,9 

52,6 

TABiJS  5 

Changes  in  Blood  Hetnahocrlt  with  Initial  Cooling^  Maintained 
Hypothefttiia ,  and  Rewarming  (Data  ftoiti  14  Anisnals) 

Prolonged 


D:Oq_#_ 

Control 
Before  coo line 

Hypothermia  at 
start 

t  26  ±  1®G 

Control 

Af  ter,  Rewarminc 

3235 

40 

45 

65 

75 

3244 

38 

46 

52 

55 

3251 

42 

47 

51 

62 

3253 

33 

52 

59 

63 

3261 

4i 

57 

73 

71 

3017 

42 

55 

63 

64 

3034 

57 

57 

70 

70 

3037 

47 

52 

52 

55 

3190 

43 

46 

60 

62 

3194 

31 

51 

56 

56 

3195 

53 

63 

70 

30 

3196 

53 

53 

43 

60 

3204 

37 

44 

60 

53 

3213 

40 

57 

70 

.  70 

Mean 

43.6 

52.1 

60.6 

64,4 

The  saine  trend  for  an  increase  in  hematocrit  with  induction 
and  maintenance  of  hypothermia  was  observed  in  all  animals 
studied.  There  was  no  difference  in  this  respeGt  between  the 
anijnals  that  died  during  prolonged  hypothermia  and  those  that 
survived.  However  the  contribution  of  hemoconcentration  to 
mortality  caxmot  be  fully  eyaluated  due  to  the  lack  of  data  on 
hematocrits  Just  prior  to  death* 

The  observed  changes  in  hematocrit  could  not  be  interpreted 
with  any  degree  of  reliability  without  some  information  regarding 
the  effect  of  prolonged  pentobarbital  anesthesia  in  the  absence 
of  hypothermia.  Reports  in  the  literature  (6)  indicate  that  dogs 
maintained  under  pentobarbital  anesthesia  for  many  hours  show  a 


slight  decrease  iii  hlcod  hematocrit However/  since  this  was  a 
very  important  point  in  the  interpretation  of  the  results  regard 
ing  the  effect  of  hypothermia/  a  series  of  eight  experiments 
were  performed  to  study  the  effect  of  prolonged  pentoharhital 
anesthesia  alone  on  hematocrit*  Results  are  given  in  Table  d* 

TABliE  6 

Blood  Hematocrit  During  Prolonged  Pentobarbital  Anesthesia  at 
Normothermic  Temperatures  (3  Animals) 


Time  Hours 


boci.#. 

4 

1 

4 

k 

I. 

3271 

44 

47 

47 

49 

49 

3272 

46 

45 

45 

45 

45 

3273 

47 

47 

51 

49 

49 

3279 

30 

41 

43 

41 

41 

3230 

49 

46 

46 

46 

45 

3282 

30 

33 

34 

35 

37 

3235 

33 

47 

46 

43 

43 

3236 

51 

_49_ 

,44 

.46 

45 

Mean 

41*9 

44.4 

44*5 

44*3 

44*9 

D.  Arterial  Blood  pH 

The  well  hnown  develoEmient  of  acidosis  during  induction  of 
hypothermia  (7)  was  observed  in  all  animals  during  the  initial 
period  of  cooling.  Values  on  17  are  given  in  Table  7.  These 
pH  values  were  obtained  in  spontaneously  breathing  animals. 


TABIE  7 


Arterial  Blc 

3od  pH  During  the  Initial 
17  Animals) 

Period  of  cooling 

(Data 

D©C_  # 

37  ^  1 

32  *  1  : 

28  %  1 

3214 

7.44 

7.33 

7.10 

3235 

7.34 

7.13 

7.24 

3197 

7.45 

7.19 

7.05 

3037 

7.37 

7.23 

7.17 

3190 

7.24 

7.22 

7.21 

3194 

7.36 

7.22 

7.11 

3195 

7.38 

7.16 

7.05 

3196 

7.36 

7.26 

7.19 

3198 

7.32 

7.29 

7.19 

3200 

7.37 

7.21 

7.14 

3201 

7.34 

7*17 

7.13 

3203 

7.37 

7a7 

7.17 

3206 

7.35 

7.31 

7.20 

3209 

7.44 

7*15 

7.12 

3210 

7.42 

7.36 

7.31 

3211 

7.37 

7.16 

7.13 

3212 

7.40 

7.19 

7.12 

Mean 

7.37 

7.22 

7.15 

Positive  pressure  artificisi  respiration  was  given  to  all 
animals  below  28^C.  As  discussed  in  previous  Technical  Eeports 
(1,2),  this  is  essential  because  during  cooling  under  pentobarbital 
anesthesia  respiration  fails  in  a  large  proportion  of  animals 
beginning  at  body  temperatures  of  28  to  26 ^c. 

Arterial  blood  pH  at  the  beginning  and  again  at  the  end  of  a 
period  of  16  to  20  hours  of  maintained  hypothermia  at  26  +  i^c 
was  measured  in  IQ  dogs  and  the  data  are  given  in  Table  8.  All 
the  animals  were  respired  artifieally  at  a  constant  rate  and 


voluiiie  duiring  the  entire  period.  Artificial  respiration  was 
started  for  at  least  one  hour  before  the  control  measurements 
were  taken ^ 

TABIE  8 

Arterial  Blood  pH  at  the  Beginning  and  End  of  a  IS ‘“20  Hour  Period 
of  Maintained  H^othermla  at  26  ^  l«G  (Data  from  10  Mdinals)* 


pLoq,#  Beginning  End 


3244 

7,49 

7.28 

3251 

7,19 

7,25 

3258 

7,12 

7.14 

3034 

7.40 

7,21 

3037 

7.49 

7,42 

3090 

7.15 

7,22 

3194 

7.45 

7,45 

3195 

7,41 

7,08 

3204 

7,45 

7,10 

3213 

7.24 

7.44 

Mean 

7,34 

7.26 

♦All  animals  were  kept  under  positive  pressure  artificial 
respiration  with  room  air.  Rate  and  depth  of  respiration  were 
kept  constant  throughout  the  period. 

Similar  results  were  obtained  in  animals  which  survived 
over  shorter  periods  of  time,  no  significant  correlation  was 
found  to  exist  between  arterial  pH  or  the  degree  of  acidosis 
and  svuvival  under  prolonged  hypothermia. 

E,  Plasma  Electrolytes 

lui  attempt  was  made  to  measure  changes  in  blood  electrolytes 
during  the  experimental  period.  However  the  results  were  not 
consistent  and  were  complicated  by  several  technical  difficulties. 
The  most  serious  complication  vms  the  small  but  progressive 
hemolysis  that  occured  during  cooling  and  maintaining  at  hypothermic 
temperatures,  such  systematic  hemolysis  introduced  an  important 
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element  of  unreliability  in  the  results «  In  addition >  the  marked 
degree  of  hemoconGentration  that  occured  in  most  animals  suggested 
the  possibility  that  there  may  be  a  water  shift  out  of  the 
intravascular  Gompartmenti  this  could  acGoxuit  for  the  increase 
in  the  concentration  of  all  values  of  plasma  electrolytes  observed 
in  some  animals^ 

On  the  basis  of  these  preliminary  observations  it  was 
decided  to  def^r  the  study  of  the  electrolyte  pattern  until  measvure 
ments  of  plasma  volume  could  be  made  at  the  same  time# 

DISCUSSION 

A.  Survival 

the  most  significant  objective  of  this  study  was  to  establish 
limits  of  tolerance  under  prolonged  hypothemia  at  moderate  temp» 
erature  levels,  previous  studies  (1/2,3)  indicate  that  only  a 
very  small  proportion  (less  than  5^)  of  the  animals  terminate  at 
temperatures  above  26‘‘C  when  hypothermia  is  induced  acutely,  the 
present  results  indicate  that  mortality  increases  progressively 
with  time  even  though  the  body  temperature  is  maintained  at  a 
fixed  level.  It  is  important  to  note  (table  2)  that  the  increase 
in  mortality  is  graduai  and  there  is  no  critical  time,  in  fact 
the  data  suggest  Strongly  that  if  hypothermia  were  to  be  maintained 
for  longer  periods,  all  the  animals  would  have  eventually  died. 

An  important  difference  was  observed  in  the  type  of  death 
that  occured  under  prolonged  hypothermia  as  compared  with  the 
acute  procedure.  Ventricular  fibrillation  is  the  dominant  form  of 
death  during  acute  progressive  hypothermia  especially  when  death 
occurs  at  the  higher  temperatures  (above  21*’C) .  By  contrast  the 
majority  Of  animals  that  died  during  prolonged  hypothermia  at 
26  4  l^c  terminated  in  asystole  (Table  1) .  This  suggests  that  the 
factors  responsible  for  death  during  acute  exposure  to  cold  and 
the  initial  period  of  cooling,  are  different  from  those  which  limit 
survival  under  prolonged  hypothermia.  Thus  survival  under  pro* 
longed  hypothermia  presents  a  new  series  of  problems  which  require 
extensive  investigation. 

B,  Hea  rt^  Rate 

A  possible  clue  to  the  physiological  alterations  which 
precipitate  death  during  prolonged  hypothermia  may  be  found  in  the 
observation  that  there  is  a  progressive  decrease  in  heart  rate  even 
though  the  body  is  maintained  at  a  constant  temperature  level. 
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GardidvasGular  reflex  meGhanisms  are  known  td  be  relatively 
inactive  at  body  temiperatutes  of  26  ±  l“Gi  Therefore  it  seems 
reasonable  to  propose  that  the  observed  deGrease  in  heart  rate 
refleGted  a  direct  effect  on  the  frequency  of  discharge  of  the 
SA  node  pacemaker  fibers ^  such  a  decrease  in  the  pacemaker 
rate  could  result  from  an  increased  intracellular  accumulation 
of  sodium  ions^  This  interpretation  is  consistent  with  the 
expectation  that  the  metabolically  dependent  mechanisms  responsible 
for  sodium  efflux  fr^  the  cells  would  be  inhibited  by  low  temp‘d 
eratureSi  Thus  the  intracellular  accumulation  of  sodium  may 
increase  progressively  even  though  the  heart  temperature  is  main* 
tained  at  a  constant  hypothermic  level#  This  in  turn  would  result 
in  a  progressive  slowing  in  heart  rate,  bata  on  tissue  electrolyte 
levels  are  required  to  substantiate  this  hypothesis. 

in  this  connection  it  would  be  of  interest  to  test  whether 
the  use  of  artificial  electronic  pacemakers  would  prolong 
survival  under  maintained  hypothermia. 

C.  Hematocrit 


The  increased  hemoGoncentration  is  the  most  striking  and 
most  consistent  change  observed  during  cooling  and  proipnged 
hypothermia,  st  is  clear  frcm  Table  S  that  the  increase  in 
hematocrit  is  progressive  and  it  is  not  reversible  by  rewarming. 

Data  on  anesthetized  normothermic  dogs  maintained  for  several 
hours  (Table  6)  indicate  that  the  increase  in  hematocrit  observed 
during  hypothermia  is  not  due  to  anesthesia  or  time  alone.  These 
results  on  normothermic  dogs  are  in  essential  agreement  with 
published  reports  on  the  effect  of  prolonged  pentobarbital  anesthesia 
alone  on  hematocrit  (6) . 

The  factors  responsible  for  the  observed  increase  in  hematocrit 
are  at  present  imknown.  Hemoconcentration  may  result  from:  a) 
increase  in  the  rbc  volume  released  into  the  general  circulation 
from  RBC  storage  sites  (e.g.  the  spleen)  b)  decrease  in  the  total 
plasma  volume  due  to  a  water  shift  out  of  the  intravascular 
Goropartment  or  c)  decrease  in  the  circulating  plasma  volirne  due 
to  "trapping"  of  plasma  in  small  peripheral  vessels  or  in  general 
due  to  a  change  in  the  relative  hematocrit  between  small  and  large 
blood  vessels. 


There  is  s^e  puhlished  evidence  of  plasma  ''trapping''  in 
small  blood  vessels  during  acute  hypothermia  (8)^  The  effect  of 
prolonged  hypothermia  may  be  a  further  exaggeration  of  this  change. 
However  other  factors  should  be  excluded. 

Regardless  of  its  cause ^  the  increased  hemoconcentration  and 
the  resulting  increase  in  blood  viscosity  must  affect  greatly 
the  circulatory  dynamics  tuider  prolonged  hypothermia.  Tissue 
perfusion  is  undoubtedly  reduced  under  these  Gonditions, 

It  would  be  of  particular  interest  to  determine  whether 
induced  hemodilution  by  infusions  of  saline  or  plasma  could  affect 
survival  tmder  prolonged  hypothermia*  However  animals  with 
spontaneously  low  initial  hematocrits  did  not  appear  to  tolerate 
prolonged  hypothermia  any  better  than  animals  with  spontaneously 
high  hematocrits* 

b*  Arterial  pH 

The  observed  acidosis  during  the  initial  period  of  cooling 
is  well  known  and  deserves  no  further  discussion* 

It  is  noteworthy  that  tmder  constant  ventilation,  there  are 
no  consistent  changes  in  arterial  pH  during  maintained  hypothermia 
(Table  8) *  in  general  there  was  no  significant  correlation  between 
arterial  blood  pH,  or  the  degree  of  hypothermic  acidosis,  with 
survival  under  prolonged  hypothermia.  Thus  under  the  conditions  of 
the  experiments  reported  here,  the  acid -base  balance  does  not 
appear  to  play  a  significant  role  in  determining  survival, 

E,  Conclusions 

The  following  conclusions  can  be  drawn  from  the  experimental 
results  presented. 

1,  During  prolonged  hypothermia  at  moderate  temperatures 

(26  ±_  1-e)  there  is  a  progressive  mortality  with  time.  No  critical 
time  period  appears  to  exist, 

2,  Survival  during  prolonged  hypothermia  appears  to  depend 
upon  factors  different  fron  those  which  determine  survival  during 
the  acute  induction  of  the  hypothermic  state. 
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3^  The  SA  node  paceinaker  ^ate  deer  eases  gradually  during 
prolonged  hypothermia  even  though  the  heart  temperature  is 
maintaij^ed  at  a  nearly  constant  level*  However  there  is  no 
definite  assoeiation  between  the  degree  of  bradyoardia  and 
Survival  time  under  maintained  hypothermia* 

4*  There  is  a  striking  increase  in  hematocrit  during 
cooling  which  is  maintained  inider  hypothermia*  This  is  not  due 
to  anesthesia  or  time  and  it  is  not  reversible  with  rewarming *  The 
factors  responsible  for  the  hemoconcentration  are  unknown* 

5*  The  degree  of  hypothermic  acidosis  is  not  consistently 
exaggerated  by  maintained  hypothermia  and  does  not  appear  to 
play  a  role  in  survival  during  prolonged  hypothermia* 

6*  Plasma  electrolyte  changes  during  prolonged  hypothermia 
are  inconsistent  and  cannot  be  interpreted  without  concurrent 
information  on  total  plasma  volume* 

7*  Additional  studies  are  needed  to  further  elucidate  the 
factors  limiting  survival  under  prolonged  hypothermia  and  to 
evaluate  their  relative  contrilpution.  in  particular  studies 
are  needed  on:  a)  effect  of  artificial  pacemakers,  b)  evaluation 
of  myocardial  contractility,  c)  measurements  of  changes  in  plasma 
Volume,  and  d)  concurrent  data  on  plasma  electrolyte  values* 
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